Summary
In mid-December 1966, severe fracturing of the Bevatron generator pole dovetails was discovered before the failure became catastrophic. New poles had to be procured and installed on both generators.
This refurbishing consumed six months during which the Bevatron was inoperable--raising dodots in the scientists minds uhether the failure could indeed be termed noncatastrophic.
The failure was eventually attributed to a fatigue condition arising from increased alternating stress loads associated with generator speed changes during flattop.
When the generators were returned to service a restriction was placed on the length of flattop.
Cracks again began to be seen on the outermost laminations after several months. Many means were investigated to make corrections by mechanical changes, but all such schemes were repugnant because of large costs and extended shutdown for installation.
In parallel
with the mechanical studies, electrical ecgineers were investigating different electrical approaches -schemes that would achieve flattopping but minimize generator speed change. In June 1966 a test installation was made of the most promising method.
Tne restricted flattop then being allowed was achieved with less generator speed change than occurs during normal full-energy pulsing.
Flattop times have gradually increased from 0.6 to 2 s, while generator speed change has still been held to no more than normal pulsing. No propagation of existing cracks or initiation of new cracks has been observed, but careful surveillance continues.
Dovetail Neck Cracks and Fractures
The initial dovetail neck fractures were discovered at a regular weekly maintenance inspection. The air gap over a particular pole was much reduced. Closer inspection disclosed the parted dovetails. However, the extent of the fracture was not fully appreciated until the pole was removed (see Figs. 1 and 2).
A second pole had approximately l/3 this degree of fracturing, and the outer faces of two other dovetails were cracked entirely across.
Fractures had started at tne top of the poleretaining key, which was also the tangent point (stress concentratioc point) of a dovetail radius. The top of the key was sharp anu appeared to have generatecl a detectable notch in the dovetail lsminations.
Tnis would appear to be sufficient cause for the observed damage. however, as more poles were removed and examination became more comprehen- proposed the mechanism of failure now believed to be the source of the trouble. As snown in Table I , full-energy pulsing causes a generator speed change of 54 x-pm per pulse. Changing centrifugal forces produce alternating stresses estimated by the author at *6000 psi in the pole dovetails.
The larger speed range of 112 rpm due to l-s flattopping essentially doubles this cyclic stress.
The dovetails had seen approximately 2 million cycles of this extra load before failing.
This extra cyclic load is believed to be the culprit.
An uncertainty exists as to the actual magcitude of these numbers.
The'loads and stresses on laminations near the middle of the generator rotor can be estimated with a big:] level of confidence. However, the end laminations carry the extra load of tne coil crossing over the ends of the pole. Attempts to estimate the distribution of this additional load suffer from the number of assumptions required.
That failure is known to have occurred allows use of another route. Calculate various degrees of loading and plot them on a Goodman diagram.
This line intersects the failure line on the diagram, thus defining the probable load factor.
Such an estimate is shown in Fig. 3 , yielding a probable end-lamination load factor of 2-l/3, i.e., the end lamination carries 2-l/3 more load than mid-rotor laminations. The stresses shown in Table I were calculated by using this factor.
Other unknowns may operate to affect the actual magnitude of the numbers shown. For example, the laminations have an 'as sheared" edge in which tiny cracks (0.001 to 0.003 in.) are observed. These cracks have the effect of an additional stress-concentration factor, which would raise the apparent cyclic stress. The end-factor load line would move up, and failures would occur at reduced load factor.
Nevertheless, the relative proportions of cyclic load between the four cases snown in Table I This gage changes resistance a few percent before a crack can be visually observed.
In service the gages gave about two weeks' warning before a crack was visually confirmed.
During the first 10 months of operation with the new poles, five new cracks were observed on end laminations.
Their growth was carefully watched, and eventually small holes were drilled at the ends to stop further propagation.
As long as the cracks were confined to tbe first one or two laminations it was presumed that their initiation could be attributed to load-relieving mechanisms peculiar to the poorly restrained end faces.
However, after 10 months and 1.9 million pulses, another crack generated and progressed rapidly (1 week) into the 3rd and%'th laminations. Drilling holes to stop propagation had little effect.
The cracking finally reached the 9th lamination.
At this juncture the speed range due to flattopping was again restricted, as shown in Table I .
No further propagation of existing cracks was observed and no new cracks were initiated in the next two months.
At this time the new mode of flattopping described in the following sections was introduced.
Flattop of 0.6-s showed generator speed change of 40 rpm--less than that for full-energy pulsing. Speed change for 2z.5 flattops is comparable to that for full-energy pulsing.
No further crack initiation or propagation has been observed.
At some future scheduled shutdown the pole with defects through the 9th lamination should be exchanged for an existing spare. 
Originai Flattop Connection
The original connection for providing the flattop mode is illustrated in Fig. L . One generator with its associated converters is designated by "A," the second system by "U."
The number associated with a letter--i.e., IA--is the converter unit number.
The numbers joined by hyphens--i.e., l-5-g--represent generator phase numbers. 
